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CLAIMS 

1 . An isolated human antibody, or an antigen-binding portion thereof, that 
binds to human IL-12, wherein said human antibody is a neutralizing antibody. 

2. A selectively mutated human IL-12 antibody, comprising: 

a human antibody or antigen-binding portion thereof, selectively mutated at a 
preferred selective mutagenesis, contact or hypermutation position with an activity 
enhancing amino acid residue such that it binds to human IL-12. 

3. A selectively mutated human IL-12 antibody, comprising: 

a human antibody or antigen-binding portion thereof, selectively mutated at a 
preferred selective mutagenesis position with an activity enhancing amino acid residue 
such that it binds to human IL-12. 

4. The selectively mutated human IL- 1 2 antibody of claim 2, wherein the 
human antibody or antigen-binding portion thereof is selectively mutated at more than 
one preferred selective mutagenesis, contact or hypermutation positions with an activity 
enhancing amino acid residue. 

5. The selectively mutated human IL-12 antibody of claim 4, wherein the 
human antibody or antigen-binding portion thereof is selectively mutated at no more 
than three preferred selective mutagenesis, contact or hypermutation positions. 

6. The selectively mutated human IL- 1 2 antibody of claim 4, wherein the 
human antibody or antigen-binding portion thereof is selectively mutated at no more 
than two preferred selective mutagenesis, contact or hypermutation positions. 

7. The selectively mutated human IL- 1 2 antibody of claim 2, wherein the 
human antibody or antigen-binding portion thereof, is selectively mutated such that a 
target specificity affinity level is attained, said target level being improved over that 
attainable when selecting for an antibody against the same antigen using phage display 
technology. 

8. The selectively mutated human IL-12 antibody of claim 7, wherein the 
selectively mutated human antibody further retains at least one desirable property or 
characteristic. 
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9. An isolated human antibody, or antigen-binding portion thereof, that 
binds to human IL-12 and dissociates from human IL-12 with a koff rate constant of 
0.1 s ' or less, as determined by surface plasmon resonance, or which inhibits 
phytohemagglutinin blast proliferation m an in vitro phytohemagglutinin blast 

5 proliferation assay (PHA assay) with an IC50 of 1 x 1 0'^M or less. 

1 0. The isolated human antibody of claim 9, or an antigen-binding portion 
thereof, which dissociates from human IL-12 with a koff rate constant of 1 x lO'^s 'or 
less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 

1 0 blast proliferation in an in vitro PHA assay with an IC50 of 1 x 1 0'^M or less. 

11. The isolated human antibody of claim 9, or an antigen-binding portion 
thereof, which dissociates from human IL-12 with a koff rate constant of 1 x lO'^s ' or 
less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 

1 5 blast proliferation in an in vitro PHA assay with an IC50 of 1 x 1 0"*M or less. 

12. The isolated human antibody of claim 9, or an antigen-binding portion 
thereof, which dissociates from human IL-12 with a koff rate constant of 1 x IQ-^s ' or 
less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 

20 blast proliferation in an in vitro PHA assay with an IC50 of 1 x 10"'M or less. 

1 3 The isolated human antibody of claim 9, or an antigen-binding portion 

5 1 

thereof, which dissociates from human IL-12 with a koff rate constant of 1 x 10" s or 
less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 
25 blast proliferation in an in vitro PHA assay with an IC50 of 1 x 10""'M or less. 

14 The isolated human antibody of claim 9, or an antigen-binding portion 

5 1 

thereof, which dissociates from human IL-12 with a koff rate constant of 1 x 10' s" or 
less, as determined by surface plasmon resonance, or which inhibits phytohemagglutinin 
30 blast proliferation in an in vitro PHA assay with an IC50 of 1 x 1 0""M or less. 



15. An isolated human antibody, or an antigen-binding portion thereof, which 
has the following characteristics: 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 

35 with an IC50 of 1 x 1 0"^M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: l;and 
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c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 2. 

16. The isolated human antibody of claim 15, or an antigen-binding portion 
5 thereof, which further has a heavy chain CDR2 comprising the amino acid sequence of 

SEQ ID NO: 3; and has a light chain CDR2 comprising the amino acid sequence of SEQ 
ID NO: 4. 

17. The isolated human antibody of claim 1 5, or an antigen-binding portion 
10 thereof, which further has a heavy chain CDRl comprising the amino acid sequence of 

SEQ ID NO: 5; and has a light chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 6. 

18. The isolated human antibody, or antigen binding portion thereof of claim 
15 16, which has a heavy chain variable region comprising the amino acid sequence of SEQ 

ID NO: 7; and has a light chain variable region comprising the amino acid sequence of 
SEQ ID NO: 8. 

19. An isolated human antibody, or an antigen-binding portion thereof, which 

20 has the following characteristics: 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 

with an ICso of 1 x 1 0'^M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 9; and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 



25 
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NO: 10. 
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20. The isolated human antibody of claim 19, or an antigen-binding portion 
thereof, which further has a heavy chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 1 1 ; and has a light chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 12. 

21 . The isolated human antibody of claim 19, or an antigen-binding portion 
thereof, which further has a heavy chain CDRl comprising the amino acid sequence of 
SEQ ID NO: 13; and has a light chain CDRl comprising the amino acid sequence of 
SEQ ID NO: 14. 
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22. The isolated human antibody of claim 1 9, which has a heavy chain 
variable region comprising the amino acid sequence of SEQ ID NO: 15; and has a light 
chain variable region comprising the amino acid sequence of SEQ ID NO: 16. 

23. An isolated human antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 

with an IC50 of 1 x lO'^M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 17; and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 18. 

24. The isolated human antibody, or an antigen-binding portion thereof, of 
claim 23 which further has a heavy chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 19; and a light chain CDR2 comprising the amino acid sequence of SEQ 
ID NO: 20. 

25. The isolated human antibody, or an antigen-binding portion thereof, of 
claim 23 which further has a heavy chain CDRl comprising the amino acid sequence of 
SEQ ID NO: 21; and a light chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 22. 

26. An isolated hviman antibody, or an antigen-binding portion thereof, 
having a heavy chain variable region comprising the amino acid sequence of SEQ ID 
NO: 23, and a light chain variable region comprising the amino acid sequence of SEQ 
ID NO: 24. 

27. The isolated human antibody of claim 26, comprising a heavy chain 
constant region selected from the group consisting of IgGl, IgG2, IgG3, IgG4, IgM, IgA 

30 and IgE constant regions. 

28. The isolated human antibody of claim 27, wherein the antibody heavy 
chain constant region is IgGl . 

35 29. The isolated human antibody of claim 26, which is a Fab fragment. 




30. 



The isolated human antibody of claim 26, which is a F(ab')2 fragment. 
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31. The isolated human antibody of claim 26, which is a single chain Fv 
fragment. 

32. An isolated human antibody, or an antigen-binding portion thereof, which 
5 a) inhibits phytohemagglutinin blast proliferation in an mv/VroPHA assay 

with an IC50 of 1 x lO'^M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence selected 
from the group consisting of SEQ ID NO: 404-SEQ ID NO: 469; or 

c) has a light chain CDR3 comprising the amino acid sequence selected 
10 from the group consisting of SEQ ID NO: 534-SEQ ID NO: 579. 

33. The isolated human antibody, or an antigen-binding portion thereof, of 
claim 32 which further has a heavy chain CDR2 comprising the amino acid sequence 
selected from the group consisting of SEQ ID NO:335-SEQ ID NO: 403; or a light chain 

n 1 5 CDR2 comprising the amino acid sequence selected from the group consisting of SEQ 

ai ID NO: 506-SEQ ID NO: 533. 

% 34. The isolated human antibody, or an antigen-binding portion thereof, of 

y claim 32 which further has a heavy chain CDRl comprising the amino acid sequence 

tt 20 selected from the group consisting of SEQ ID NO: 288-SEQ ID NO: 334; or a light 

chain CDRl comprising the amino acid sequence selected from the group consisting of 
y SEQ ID NO: 470-SEQ ID NO: 505. 

If 35 . An isolated human antibody, or an antigen-binding portion thereof, 

c! 25 having a the heavy chain variable region comprising the amino acid sequence of SEQ ID 

NO: 23, and a light chain variable region comprising the amino acid sequence of SEQ 

ID NO: 24. 

36. The isolated human antibody of claim 35, comprising a heavy chain 

30 constant region selected from the group consisting of IgGl, IgG2, IgG3, IgG4, IgM, IgA 
and IgE constant regions. 

37. The isolated human antibody of claim 36, wherein the antibody heavy 
chain constant region is IgGl. 



35 



38. The isolated human antibody of claim 35, which is a Fab fragment. 



The isolated human antibody of claim 35, which is a F(ab')2 fragment. 
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40. The isolated human antibody of claim 35, which is a single chain Fv 
fragment. 

41. An isolated human antibody, or an antigen-binding portion thereof, which 
a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA 

assay with an IC50 of 1 x 10"'M or less; 

b) has a heavy chain CDR3 comprising the amino acid sequence of SEQ ID 

NO: 25; and 

c) has a light chain CDR3 comprising the amino acid sequence of SEQ ID 
NO: 26. 

42. The isolated human antibody, or an antigen-binding portion thereof, of 
claim 41 which further has a heavy chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 27; and a light chain CDR2 comprising the amino acid sequence of SEQ 



€i ID NO: 28. 



43 . The isolated human antibody, or an antigen-binding portion thereof, of 
claim 41 which further has a heavy chain CDRl comprising the amino acid sequence of 

20 SEQ ID NO: 29; and a light chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 30. 

44. An isolated human antibody, or an antigen-binding portion thereof, 
having a heavy chain variable region comprising the amino acid sequence of SEQ ID 

25 NO: 3 1 , and a light chain variable region comprising the amino acid sequence of SEQ 
ID NO: 32. 

45. The isolated hviman antibody of claim 44, comprising a heavy chain 
constant region selected from the group consisting of IgGl, IgG2, IgG3, IgG4, IgM, IgA 

30 and IgE constant regions. 

46. The isolated human antibody of claim 45, wherein the antibody heavy 
chain constant region is IgGl . 

35 47. The isolated human antibody of claim 44, which is a Fab fragment. 



48 The isolated human antibody of claim 44, which is a F(ab')2 fragment. 
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49. The isolated human antibody of claim 44, which is a single chain Fv 
fragment. 

50. An isolated human antibody, or an antigen-binding portion thereof, which 
5 a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 

with an IC50 of 1 x lO'^M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 1, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 3 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 5, 

10 or a mutant thereof having one or more amino acid substitutions at a contact position or 
a hypermutation position, wherein said mutant has a kofprate no more than 10-fold 
higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 1, a heavy chain CDR2 comprising the amino acid sequence 
of SEQ ID NO: 3, and a heavy chain CDRl comprising the amino acid sequence of 

15 SEQ ID NO: 5; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 2, a light chain CDR2 comprising the amino acid sequence of SEQ ID NO: 
4, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 6, or a 
mutant thereof having one or more amino acid substitutions at a contact position or a 

20 hypermutation position, wherein said mutant has a koff rate no more than 1 0-fold higher 
than the antibody comprising a light chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 2, a light chain CDR2 comprising the amino acid sequence of SEQ ID NO: 
4, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 6. 
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51. An isolated human antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 

with an IC50 of 1 x 10"^M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 9, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 

30 NO: 1 1 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 
13, or a mutant thereof having one or more amino acid substitutions at a contact position 
or a hypermutation position, wherein said mutant has a koff rate no more than 10-fold 
higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 9, a heavy chain CDR2 comprising the amino acid sequence 

35 of SEQ ID NO: 1 1 , and a heavy chain CDRl comprising the amino acid sequence of 

SEQ ID NO: 13; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 10, a light chain CDR2 comprising the amino acid sequence of SEQ ID 
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NO: 12, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 
14, or a mutant thereof having one or more amino acid substitutions at a contact position 
or a hypermutation position, wherein said mutant has a koff rate no more than 10-fold 
higher than the antibody comprising a light chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 10, a light chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 12, and a light chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 14. 

52. An isolated human antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 
with an IC50 of 1 x lO'^M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 17, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 19 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 

21, or a mutant thereof having one or more amino acid substitutions at a contact position 
or a hypermutation position, wherein said mutant has a koff rate no more than 10-fold 
higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 17, a heavy chain CDR2 comprising the amino acid sequence 
of SEQ ID NO: 19, and a heavy chain CDRl comprising the amino acid sequence of 
SEQ ID NO: 21; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 18, a light chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 20, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 

22, or a mutant thereof having one or more amino acid substitutions at a contact position 
or a hypermutation position, wherein said mutant has a koff rate no more than 10-fold 
higher than the antibody comprising a light chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 18, a light chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 20, and a light chain CDRl comprising the amino acid sequence of SEQ 
ID NO: 22, 

53. An isolated nucleic acid encoding the heavy chain CDR3 comprising the 
amino acid sequence of SEQ ID NO: 17. 

54. The isolated nucleic acid of claim 53, which encodes an antibody heavy 
chain variable region. 

55. The isolated nucleic acid of claim 54, wherein the CDR2 of the antibody 
heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 19. 




BBI-093CP 



S 5. 



5 



56. The isolated nucleic acid of claim 54, wherein the CDRl of the antibody 
heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 21 . 

57. The isolated nucleic acid of claim 56, which encodes an antibody heavy 
chain variable region comprising the amino acid sequence of SEQ ID NO: 23. 

58. An isolated nucleic acid encoding the light chain CDR3 comprising the 
amino acid sequence of SEQ ID NO: 18. 

59. The isolated nucleic acid of claim 58, which encodes an antibody light 
chain variable region. 

60. The isolated nucleic acid of claim 59, wherein the CDR2 of the antibody 
1 5 light chain variable region comprises the amino acid sequence of SEQ ID NO: 20. 

61. The isolated nucleic acid of claim 59, wherein the CDRl of the antibody 
light chain variable region comprises the amino acid sequence of SEQ ID NO: 22. 
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62 . The isolated nucleic acid of claim 6 1 , which encodes an antibody light 
chain variable region comprising the amino acid sequence of SEQ ID NO: 24. 



63 . An isolated human antibody, or an antigen-binding portion thereof, which 

a) inhibits phytohemagglutinin blast proliferation in an in vitro PHA assay 

25 with an IC50 of 1 x 1 0'^M or less; 

b) comprises a heavy chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 25, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 27 and a heavy chain CDRl comprising the amino acid sequence of SEQ ID NO: 

29, or a mutant thereof having one or more amino acid substitutions at a contact position 
30 or a hypermutation position, wherein said mutant has a koff rate no more than 1 0-fold 

higher than the antibody comprising a heavy chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 25, a heavy chain CDR2 comprising the amino acid sequence 
of SEQ ID NO: 27, and a heavy chain CDRl comprising the amino acid sequence of 

SEQ ID NO: 29; and 

c) comprises a light chain CDR3 comprising the amino acid sequence of 
SEQ ID NO: 26, a light chain CDR2 comprising the amino acid sequence of SEQ ID 
NO: 28, and a light chain CDRl comprising the amino acid sequence of SEQ ID NO: 

30, or a mutant thereof having one or more amino acid substitutions at a contact position 



m 

or a hypermutation position, wherein said mutant has a koff rate no more than 10-fold 
higher than the antibody comprising a light chain CDR3 comprising the amino acid 
sequence of SEQ ID NO: 26, a light chain CDR2 comprising the amino acid sequence of 
SEQ ID NO: 28, and a light chain CDRl comprising the amino acid sequence of SEQ 
5 ID NO: 30. 

64. An isolated nucleic acid encoding the heavy chain CDR3 comprising the 
amino acid sequence of SEQ ID NO: 25. 

10 65. The isolated nucleic acid of claim 64, which encodes an antibody heavy 

chain variable region. 

66. The isolated nucleic acid of claim 65, wherein the CDR2 of the antibody 
heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 27. 

67. The isolated nucleic acid of claim 65, wherein the CDRl of the antibody 
heavy chain variable region comprises the amino acid sequence of SEQ ID NO: 29. 

68. The isolated nucleic acid of claim 67, which encodes an antibody heavy 
chain variable region comprising the amino acid sequence of SEQ ID NO: 3 1 . 

69. An isolated nucleic acid encoding the light chain CDR3 comprising the 
amino acid sequence of SEQ ID NO: 26. 

70. The isolated nucleic acid of claim 69, which encodes an antibody light 
chain variable region. 

71 . The isolated nucleic acid of claim 70, wherein the CDR2 of the antibody 
light chain variable region comprises the amino acid sequence of SEQ ID NO: 28. 

30 

72. The isolated nucleic acid of claim 70, wherein the CDRl of the antibody 
light chain variable region comprises the amino acid sequence of SEQ ID NO: 30. 

73. The isolated nucleic acid of claim 72, which encodes an antibody heavy 
35 chain variable region comprising the amino acid sequence of SEQ ID NO: 32. 
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74. An isolated human antibody, or an antigen-binding portion thereof, which 
has the following characteristics: 
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a) that binds to human IL-12 and dissociates from human IL-12 with a 
kon-rate constant of 0.1 s-'or less, as determined by surface plasmon resonance, or which 
inhibits phytohemagglutinin blast proliferation in an in vitro phytohemagglutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x lO^^M or less. 
5 b) has a heavy chain variable region comprising an amino acid sequence 

selected from a member of the VH3 germline family, wherein the heavy chain variable 
region has a mutation at a contact or hypermutation position with an activity enhancing 

amino acid residue. 

c) has a light chain variable region comprising an amino acid sequence 
10 selected from a member of the V?.l germline family, wherein the light chain variable 
region has a mutation at a contact or hypermutation position with an activity enhancing 
amino acid residue. 

75. An isolated human antibody, or an antigen-binding portion thereof, which 
15 has the following characteristics: 

a) that binds to human IL-12 and dissociates from human IL-12 with a 
koff rate constant of 0. 1 s-'or less, as determined by surface plasmon resonance, or which 
inhibits phytohemagglutinin blast proliferation in an in vitro phytohemagglutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x lO'^M or less. 
20 b) has a heavy chain variable region comprising an amino acid 

sequence selected from the group consisting of SEQ ID NOs: 595-667, wherein the 
heavy chain variable region has a mutation at a contact or hypermutation position with 
an activity enhancing amino acid residue. 

c) has a light chain variable region comprising an amino acid sequence 
25 selected from the group consisting of SEQ ID NOs: 669-675, wherein the light chain 
variable region has a mutation at a contact or hypermutation position with an activity 
enhancing amino acid residue. 

76. An isolated human antibody, or an antigen-binding portion thereof, which 

30 has the following characteristics: 

a) that binds to human IL-12 and dissociates from human IL-12 with a 
koff rate constant of 0.1 s 'or less, as determined by surface plasmon resonance, or which 
inhibits phytohemagglutinin blast proliferation in an in vitro phytohemagglutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x 1 Q-^M or less. 

35 b) has a heavy chain variable region comprising the COS-3 germline 

amino acid sequence, wherein the heavy chain variable region has a mutation at a 
contact or hypermutation position with an activity enhancing amino acid residue. 
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c) has a light chain variable region comprising the DPL8 germline amino 
acid sequence, wherein the light chain variable region has a mutation at a contact or 
hypermutation position with an activity enhancing amino acid residue. 

77. An isolated human antibody, or an antigen-binding portion thereof, which 
has the following characteristics: 

a) that binds to human IL-12 and dissociates from human IL-12 with a 
koff rate constant of 0.1 s'*or less, as determined by surface plasmon resonance, or which 
inhibits phytohemagglutinin blast proliferation in an in vitro phytohemagglutinin blast 
proliferation assay (PHA assay) with an IC50 of 1 x lO'^M or less. 

b) has a heavy chain variable region comprising an amino acid sequence 
selected from a member of the VH3 germline family, wherein the heavy chain variable 
region comprises a CDR2 that is structurally similar to CDR2s from other VH3 germline 
family members, and a CDRl that is structurally similar to CDRls from other VH3 
germline family members, and wherein the heavy chain variable region has a mutation 
at a contact or hypermutation position with an activity enhancing amino acid residue; 

c) has a light chain variable region comprising an amino acid sequence 
selected from a member of the VXl germline family, wherein the light chain variable 
region comprises a CDR2 that is structurally similar to CDR2s from other VA-1 germline 
family members, and a CDRl that is structurally similar to CDRls from other VXl 
germline family members, and wherein the light chain variable region has a mutation at 
a contact or hypermutation position with an activity enhancing amino acid residue. 

78 The isolated human antibody, or antigen binding portion thereof, of claim 
74, wherein the mutation is in the heavy chain CDR3. 

79. The isolated human antibody, or antigen binding portion thereof, of claim 
74, wherein the mutation is in the light chain CDR3. 

80. The isolated human antibody, or antigen binding portion thereof, of claim 
74, wherein the mutation is in the heavy chain CDR2. 

81 . The isolated human antibody, or antigen binding portion thereof, of claim 
74, wherein the mutation is in the light chain CDR2. 

82. The isolated human antibody, or antigen binding portion thereof, of claim 
74, wherein the mutation is in the heavy chain CDRl . 
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83 . The isolated human antibody, or antigen binding portion thereof, of claim 
74, wherein the mutation is in the light chain CDRl . 

84. A recombinant expression vector encoding: 

a) an antibody heavy chain having a variable region comprising 

the amino acid sequence of SEQ ID NO: 3 1 ; and 

b) an antibody light chain having a variable region comprising the 

amino acid sequence of SEQ ID NO: 32. 

85. A host cell into which the recombinant expression vector of claim 84 has 
been introduced. 



86. A method of synthesizing a human antibody that binds human IL- 1 2, 
comprising culturing the host cell of claim 85 in a culture medium until a human 

1 5 antibody that binds human IL- 1 2 is synthesized by the cell . 

87. An isolated human antibody, or antigen-binding portion thereof, that 
neutralizes the activity of human IL-12, and at least one additional primate IL-12 
selected from the group consisting of baboon IL-12, marmoset IL-12, chimpanzee IL- 
12, cynomolgus IL-12 and rhesus IL-12, but which does not neutralize the activity of the 
mouse IL-12. 



88. A pharmaceutical composition comprising the antibody or an antigen 
binding portion thereof, of claim land a pharmaceutically acceptable carrier. 

89. A composition comprising the antibody or an antigen binding position 
thereof, of claim land an additional agent. 

90. The composition of claim 89, wherein the additional agent is a 
30 therapeutic agent. 

91. The composition of claim 90, wherein the therapeutic agent is selected 
from the group consisting of budenoside, epidermal growth factor, corticosteroids, 
cyclosporin, sulfasalazine, aminosalicylates, 6-mercaptopurine, azathioprine, 

35 metronidazole, lipoxygenase inhibitors, mesalamine, olsalazine, balsalazide, 

antioxidants, thromboxane inhibitors, IL-1 receptor antagonists, anti-IL-ip monoclonal 
antibodies, anti-IL-6 monoclonal antibodies, growth factors, elastase inhibitors, 
pyridinyl-imidazole compounds, antibodies or agonists of TNF, LT, IL-1, IL-2, IL-6, IL- 
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7, IL-8, IL-15, IL-16, IL-18, EMAP-II, GM-CSF, FGF, and PDGF, antibodies of CD2, 
CD3, CD4, CD8, CD25, CD28, CD30, CD40, CD45, CD69, CD90 or their ligands, 
methotrexate, cyclosporin, FK506, rapamycin, mycophenolate mofetil, leflunomide, 
NSAIDs, ibuprofen, corticosteroids, prednisolone, phosphodiesterase inhibitors, 
adenosine agonists, antithrombotic agents, complement inhibitors, adrenergic agents, 
IRAK, NIK, IKK, p38, MAP kinase inhibitors, IL-ip converting enzyme inhibitors, 
TNFa converting enzyme inhibitors, T-cell signalling inhibitors, metalloproteinase 
inhibitors, sulfasalazine, azathioprine, 6-mercaptopurines, angiotensin converting 
enzyme inhibitors, soluble cytokine receptors, soluble p55 TNF receptor, soluble p75 
TNF receptor, sIL-lRI, sIL-lRII, sIL-6R, antiinflammatory cytokines, IL-4, IL-10, IL- 
ll,IL-13andTGFp. 

92. The therapeutic composition of claim 90, wherein the therapeutic agent is 
selected from the group consisting of anti-TNF antibodies, and antibody fragments 
thereof, TNFR-Ig constructs, TACE inhibitors, PDE4 inhibitors, corticosteroids, 
budenoside, dexamethasone, sulfasalazine, 5-aminosalicylic acid, olsalazine, IL-lp 
converting enzyme inhibitors, IL-lra, tyrosine kinase inhibitors, 6-mercaptopurines and 
IL-11. 

93 . The therapeutic composition of claim 90, wherein the therapeutic agent is 
selected from the group consisting of corticosteroids, prednisolone, methylprednisolone, 
azathioprine, cyclophosphamide, cyclosporine, methotrexate, 4-aminopyridine, 
tizanidine, interferon-^ 1 a, interferon-plb. Copolymer 1, hyperbaric oxygen, intravenous 
immunoglobulin, clabribine, antibodies or agonists of TNF, LT, IL-1, IL-2, IL-6, IL-7, 
IL-8, IL-15, IL-16, IL-1 8, EMAP-II, GM-CSF, FGF, PDGF, antibodies to CD2, CD3, 
CD4, CD8,'cD25, CD28, CD30, CD40, CD45, CD69, CD80, CD86, CD90 or their 
ligands, methotrexate, cyclosporine, FK506, rapamycin, mycophenolate mofetil, 
leflunomide, NSAIDs, ibuprofen, corticosteroids, prednisolone, phosphodiesterase 
inhibitors, adensosine agonists, antithrombotic agents, complement inhibitors, 
adrenergic agents, IRAK, NIK, IKK , p38 or MAP kinase inhibitors, IL-ip converting 
enzyme inhibitors, TACE inhibitors, T-cell signalling inhibitors, kinase inhibitors, 
metalloproteinase inhibitors, sulfasalazine, azathioprine, 6-mercaptopurines, angiotensin 
converting enzyme inhibitors, soluble cytokine receptors, soluble p55 TNF receptor, 
soluble p75 TNF receptor, sIL-lRI, sIL-lRII, sIL-6R, sIL-13R, anti-P7s, p-selectin 
glycoprotein ligand (PSGL), antiinflammatory cytokines, IL-4, IL-10, IL-13 and TGFp. 



94. A method for inhibiting human IL- 1 2 activity comprising contacting 
human IL-1 2 with the antibody of claim 44 such that human IL-1 2 activity is inhibited. 
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95. A method for inhibiting human IL-12 activity in a human subject 
suffering from a disorder in which IL-12 activity is detrimental, comprising 
administering to the human subject the antibody of claim 44 such that human IL-12 
activity in the himian subject is inhibited. 

96. The method of claim 95, wherein the disorder is selected from the group 
consisting of rheumatoid arthritis, osteoarthritis, juvenile chronic arthritis, 

Lyme arthritis, psoriatic arthritis, reactive arthritis, spondyoarthropathy, ankylosing 
spondylitis, systemic lupus erythematosis, Crohn's disease, ulcerative colitis, 
inflammatory bowel disease, multiple sclerosis;, insulin dependent diabetes mellitus, 
thyroiditis, asthma, allergic diseases, psoriasis, dermatitisscleroderma, thyroiditis, graft 
versus host disease, organ transplant rejection, acute or chronic immune disease 
associated with organ transplantation, sarcoidosis, atherosclerosis, disseminated 
intravascular coagulation, Kawasaki^s disease. Gravels disease, nephrotic syndrome, 
chronic fatigue syndrome, polyarteritis nodosa, Wegener's granulomatosis, Henoch- 
Schonlein purpura, microscopic vasculitis of the kidneys, chronic active hepatitis, 
Sjogren's syndrome, uveitis, sepsis, septic shock, sepsis syndrome, adult respiratory 
distress syndrome, cachexia, infectious diseases, parasitic diseases, acquired 
immunodeficiency syndrome, acute transverse myelitis, myasthenia gravis, Huntington's 
chorea, Parkinson's disease, Alzheimer's disease, stroke, primary biliary cirrhosis, 
fibrotic lung diseases, hemolytic anemia, malignancies, heart failure and myocardial 
infarction. 

97. The method of claim 95, wherein the disorder is Crohn's disease. 

98. The method of claim 95, wherein the disorder is multiple sclerosis. 

99. The method of claim 95, wherein the disorder is rheumatoid arthritis. 

100. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, to attain a predetermined target activity, comprising: 

a) providing a parent antibody a antigen-binding portion thereof; 

b) selecting a preferred selective mutagenesis position selected from 
group consisting of H30, H31, H31B, H32, H33, H52, H56, H58, L30, L31, L32, L50, 
L91,L92, L93,L94. 
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c) individually mutating the selected preferred selective mutagenesis 
position to at least two other amino acid residues to hereby create a first panel of 
mutated antibodies, or antigen binding portions thereof; 

d) evaluating the activity of the first panel of mutated antibodies, or 
5 antigen binding portions thereof to determined if mutation of a single selective 

mutagenesis position produces an antibody or antigen binding portion thereof with the 
predetermined target activity or a partial target activity; 

e) combining in a stepwise fashion, in the parent antibody, or antigen 
binding portion thereof, individual mutations shown to have an improved activity, to 

10 form combination antibodies, or antigen binding portions thereof. 

f) evaluating the activity of the combination antibodies, or antigen 
binding portions thereof to determined if the combination antibodies, or antigen binding 
portions thereof have the predetermined target activity or a partial target activity. 

g) if steps d) or f) do not resuh in an antibody or antigen binding portion 
15 thereof having the predetermined target activity, or result an antibody with only a partial 

activity, the method further comprising mutating additional amino acid residues selected 
fi-om the group consisting of H35, H50, H53, H54, H95, H96, H97, H98, L30A and L96 
to at least two other amino acid residues to thereby create a second panel of mutated 
antibodies or antigen-binding portions thereof; 

20 h) evaluating the activity of the second panel of mutated antibodies or 

antigen binding portions thereof, to determined if mutation of a single amino acid 
residue selected from the group consisting of H35, H50, H53, H54, H95, H96, H97, 
H98, L30A and L96 results an antibody or antigen binding portion thereof, having the 
predetermined target activity or a partial activity; 

25 i) combining in stepwise fashion in the parent antibody, or antigen- 

binding portion thereof, individual mutations of step g) shown to have an improved 
activity, to form combination antibodies, or antigen binding portions thereof; 

j) evaluating the activity of the combination antibodies or antigen binding 
portions thereof, to determined if the combination antibodies, or antigen binding 

30 portions thereof have the predetermined target activity or a partial target activity; 

k) if steps h) or j) do not result in an antibody or antigen binding portion 
thereof having the predetermined target activity, or result in an antibody with only a 
partial activity, the method fiirther comprising mutating additional amino acid residues 
selected from the group consisting of H33B, H52B and L31 A to at least two other amino 

35 acid residues to thereby create a third panel of mutated antibodies or antigen binding 
portions thereof; 

1) evaluating the activity of the third panel of mutated antibodies or 
antigen binding portions thereof, to determine if a mutation of a single amino acid 
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residue selected from the group consisting of H33B, H52B and L31A resulted in an 
antibody or antigen binding portion thereof, having the predetermined target activity or a 
parti£il activity; 

m) combining in a stepvsdse fashion in the parent antibody, or antigen 
binding portion thereof, individual mutation of step k) shown to have an improved 
activity, to form combination antibodies, or antigen binding portions, thereof; 

n) evaluating the activity of the combination antibodies or antigen- 
binding portions thereof, to determine if the combination antibodies, or antigen binding 
portions thereof have the predetermined target activity to thereby produce an antibody or 
antigen binding portion thereof v^th a predetermined target activity. 

101. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting a preferred selective mutagenesis position, contact or hypermutation 
position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected preferred selective mutagenesis position, contact or hypermutation 
position; 

c) individually mutating said preferred selective mutagenesis position, contact or 
hypermutation position to at least two other amino acid residues to thereby create a 
panel of mutated antibodies, or antigen-binding portions thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 

e) repeating steps b) through d) for at least one other preferred selective 
mutagenesis position, contact or hypermutation position if the desired antibody activity 
is not obtained; 

f) combining in a stepwise fashion, in the parent antibody, or antigen-binding 
portion thereof, individual mutations shown to have improved activity, to form 
combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-bindmg 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
to the parent antibody, or antigen-binding portion thereof, is obtained. 

1 02. The method of claim 101, wherein contact positions are selected from the 
group consisting of H30, H31, H31B, H32, H33, H35, H50, H52, H52A, H53, H54, 
H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L91, 
L92, L93, L94 and L96. 
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1 03 . The method of claim 101, wherein hypemiutation positions are selected 
from the group consisting of H30, H31, H31B, H32, H52, H56, H58, L30, L31, L32, 
L53 and L93. 

5 

1 04. The method of claim 101, wherein the preferred positions are selected 
from the group consisting of H30, H31, H31B, H32, H33, H52, H56, H58, L30, L31, 
L32, L50, L9U L92, L93, L94. 

10 105. The method of claim 101, wherein the contact positions are selected from 

the group consisting of L50 and L94. 

106. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 
15 a) providing a recombinant parent antibody or antigen-binding portion thereof; 

that was obtained by selection in a phage-display system but whose activity is not 
further improved by mutagenesis in said phage-display system; 

b) selecting a preferred selective mutagenesis position, contact or hypermutation 
position within a complementarity determining region (CDR) for mutation, thereby 

20 identifying a selected preferred selective mutagenesis position, contact or hypermutation 
position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypermutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof, and expressing 

25 said panel in a non-phage display system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 

e) repeating steps b) through d) for at least one other preferred selective 
mutagenesis position, contact or hypermutation position if the desired antibody activity 

30 is not obtained; 

f) combining, in the parent antibody, or antigen-binding portion thereof, 
individual mutations shovm to have improved activity, to form combination antibodies, 
or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-binding 
35 portions thereof, relative to the parent antibody or antigen-binding portion thereof; 

until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
to the parent antibody, or antigen-binding portion thereof, is obtained. 
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107. The method of claim 106, wherein contact positions are selected from the 
group consisting of H30, H31, H31B, H32, H33, H35, H50, H52, H52A, H53, H54, 
H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L91, 
L92, L93, L94 and L96. 

108. The method of claim 106, wherein hypermutation positions are selected 
from the group consisting of H30, H31, H31B, H32, H52, H56, H58, L30, L31, L32, 
L53 and L93. 

109. The method of claim 106, wherein preferred selective mutagenesis 
positions are selected from the group consisting of H30, H31, H31B, H32, H33, H52, 
H56, H58, L30, L31, L32, L50, L91, L92, L93, L94 

110. The method of claim 106, wherein the contact positions are selected from 
the group consisting of L50 and L94. 

111. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof ; 

b) selecting a preferred selective mutagenesis position, contact or hypermutation 
position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected preferred selective mutagenesis position, contact or hypermutation 
position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypermutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof and expressing 
said panel in an appropriate expression system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for at least 
one other property or characteristic, wherein the property or characteristic is one that 
needs to be retained in the antibody; 

until an antibody, or antigen-binding portion thereof, with an improved activity and at 
least one retained property or characteristic, relative to the parent antibody, or antigen- 
binding portion thereof, is obtained. 
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1 12. The method of claim 111, wherein contact positions are selected from the 
group consisting of H30, H31, H31B, H32, H33, H35, H50, H52, H52A, H53, H54, 
H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L91, 
L92, L93, L94 and L96, and wherein the other property or characteristic is selected from 

5 the group consisting of preservation of non-crossreactivity with other proteins, 

preservation of non-crossreactivity with other human tissues, preservation of epitope 
recognition and an antibody vsdth a close to germline immunoglobulin sequence. 

113. The method of claim 111, wherein the hypermutation positions are 

10 selected from the group consisting of H30, H31, H31B, H32, H52, H56, H58, L30, L31, 
L32, L53 and L93, and wherein the other property or characteristic is selected from the 
group consisting of preservation of non-crossreactivity with other proteins, preservation 
of non-crossreactivity with other human tissues, preservation of epitope recognition and 
an antibody with a close to germline immunoglobulin sequence. 

D 15 

1 1 4. The method of claim 111, wherein the preferred selective mutagenesis 
y\ positions are selected from the group consisting of H30, H31, H31B, H32, H33, H52, 
4S H56, H58, L30, L31, L32, L50, L91, L92, L93 and L94, and wherein the other property 
^ or characteristic is selected from the group consisting of preservation of non- 

^-J 20 crossreactivity with other proteins, preservation of non-crossreactivity with other human 

!^^^ tissues, preservation of epitope recognition and an antibody with a close to germline 

hj immimoglobulin sequence. 

PJ 

%Z 115. The method of claim 111, wherein the contact positions are selected from 

C;l 25 the group consisting of L50 and L94, and wherein the other property or characteristic is 

selected from the group consisting of preservation of non-crossreactivity with other 
proteins, preservation of non-crossreactivity with other human tissues, preservation of 
epitope recognition and an antibody with a close to germline immunoglobulin sequence. 

30 1 1 6. A method for improving the activity of an antibody, or antigen-binding 

portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
that was obtained by selection in a phage-display system but whose activity cannot be 
further improved by mutagenesis in said phage-display system; 

35 b) selecting a preferred selective mutagenesis position, contact or hypermutation 

position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected preferred selective mutagenesis position, contact or hypermutation 
position; 
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c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypermutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof, and expressing 
said panel in a non-phage display system; 
5 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 

10 other property or characteristic, wherein the property or characteristic is one that needs 
to be retained, until an antibody, or antigen-binding portion thereof, vAth an improved 
activity and at least one retained property or characteristic, relative to the parent 
antibody, or antigen-binding portion thereof, is obtained. 

f) repeating steps a) through e) for at least one other preferred selective 
15 mutagenesis position, contact or hypermutation position; 

g) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity 
and at least one retained property or characteristic, to form combination antibodies, or 
antigen-binding portions thereof; and 

20 h) evaluating the activity of the combination antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity and at 
least one retained property or characteristic, relative to the parent antibody, or antigen- 
binding portion thereof, is obtained. 

25 

117. The method of claim 1 1 6, wherein contact positions are selected from the 
group consisting of H30, H31, H31B, H32, H33, H35, H50, H52, H52A, H53, H54, 
H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L91, 
L92, L93, L94 and L96, and wherein the other property or characteristic is selected from 

30 the group consisting of preservation of non-crossreactivity with other proteins, 

preservation of non-crossreactivity with other human tissues, preservation of epitope 
recognition and an antibody with a close to germline immunoglobulin sequence. 

118. The method of claim 1 1 6, wherein the hypermutation positions are 

35 selected from the group consisting of H30, H3 1 , H3 1 B, H32, H52, H56, H58, L30, L3 1 , 
L32, L53 and L93, and wherein the other property or characteristic is selected from the 
group consisting of preservation of non-crossreactivity v^th other proteins, preservation 
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of non-crossreactivity with other human tissues, preservation of epitope recognition and 
an antibody vsdth a close to germline immunoglobulin sequence. 

1 19. The method of claim 1 16 wherein the preferred selective mutagenesis 
5 positions are selected from the group consisting of H30, H31, H31B, H32, H33, H52, 

H56, H58, L30, L31, L32, L50, L91, L92, L93 and L94, and wherein the other property 
or characteristic is selected from the group consisting of preservation of non- 
crossreactivity with other proteins, preservation of non-crossreactivity with other human 
tissues, preservation of epitope recognition and an antibody with a close to germline 
10 immunoglobulin sequence, 

120. The method of claim 116, wherein the contact positions are selected from 
the group consisting of L50 and L94, and wherein the other property or characteristic is 
selected from the group consisting of preservation of non-crossreactivity with other 

15 proteins, preservation of non-crossreactivity with other human tissues, preservation of 
epitope recognition and an antibody with a close to germline immunoglobulin sequence. 

121. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

20 a) providing a recombinant parent antibody or antigen-binding portion thereof; 

that was obtained by selection in a phage-display system but whose activity cannot be 
further improved by mutagenesis in said phage-display system; 

b) selecting a contact or hypermutation position within a complementarity 
determining region (CDR) for mutation, thereby identifying a selected contact or 

25 hypermutation position; 

c) individually mutating said selected contact or hypermutation position to at 
least two other amino acid residues to thereby create a panel of mutated antibodies, or 
antigen-binding portions thereof, and expressing said panel in a non-phage display 
system; 

30 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof 

thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 

thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 
35 additional property or characteristic, wherein the property or characteristic is one that 

needs to be retained. 
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until an antibody, or antigen-binding portion thereof, with an improved activity and at 
least one retained property or characteristic relative to the parent antibody, or antigen- 
binding portion thereof, is obtained. 

122. The method of claim 121, v^herein contact positions are selected from the 
group consisting of H30, H31, H31B, H32, H33, H35, H50, H52, H52A, H53, H54, 
H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L91, 
L92, L93, L94 and L96, and wherein the other property or characteristic is selected from 
the group consisting of preservation of non-crossreactivity with other proteins, 
preservation of non-crossreactivity with other human tissues, preservation of epitope 
recognition and an antibody with a close to germline immunoglobulin sequence. 

123. The method of claim 121, wherein the hypermutation positions are 
selected from the group consisting of H30, H31, H31B, H32, H52, H56, H58, L30, L31, 
L32, L53 and L93, and wherein the other property or characteristic is selected from the 
group consisting of preservation of non-crossreactivity with other proteins, preservation 
of non-crossreactivity with other human tissues, preservation of epitope recognition and 
an antibody with a close to germline immunoglobulin sequence. 

124. The method of claim 121, wherein the contact positions are selected from 
the group consisting of L50 and L94, and wherein the other property or characteristic is 
selected from the group consisting of preservation of non-crossreactivity with other 
proteins, preservation of non-crossreactivity with other human tissues, preservation of 
epitope recognition and an antibody with a close to germline immunoglobulin sequence. 

125. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 
that was obtained by selection in a phage-display system but whose activity cannot be 
further improved by mutagenesis in said phage-display system; 

b) selecting a preferred selective mutagenesis position, contact or hypermutation 
position within a complementarity determining region (CDR) for mutation, thereby 
identifying a selected preferred selective mutagenesis position contact or hypermutation 
position; 

c) individually mutating said selected preferred selective mutagenesis position, 
contact or hypermutation position to at least two other amino acid residues to thereby 
create a panel of mutated antibodies, or antigen-binding portions thereof, and expressing 
said panel in a non-phage display system; 
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d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof for at least one 
other property or characteristic, v^herein the property or characteristic is one that needs 
to be retained, until an antibody, or antigen-binding portion thereof, with an improved 
activity and at least one retained property or characteristic relative to the parent 
antibody, or antigen-binding portion thereof, is obtained. 

f) repeating steps a) through e) for at least one other preferred selective 
mutagenesis position, contact or hypermutation position; 

g) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shovm to have improved activity 
and at least one retained property or characteristic, to form combination antibodies, or 
antigen-binding portions thereof; and 

h) evaluating the activity of the combination antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof; 
until an antibody, or antigen-binding portion thereof, with an improved activity and at 
least one retained property or characteristic relative to the parent antibody, or antigen- 
binding portion thereof, is obtained. 

126. The method of claim 125, wherein contact positions are selected from the 
group consisting of H30, H31, H31B, H32, H33, H35, H50, H52, H52A, H53, H54, 
H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, L55, L91, 
L92, L93, L94 and L96, and wherein the other property or characteristic is selected from 
the group consisting of preservation of non-crossreactivity with other proteins, 
preservation of non-crossreactivity with other human tissues, preservation of epitope 
recognition and an antibody with a close to germline immunoglobulin sequence. 

127. The method of claim 125, wherein the hypermutation positions are 
selected from the group consisting of H30, H31, H31B, H32, H52, H56, H58, L30, L31, 
L32, L53 and L93, and wherein the other property or characteristic is selected from the 
group consisting of preservation of non-crossreactivity with other proteins, preservation 
of non-crossreactivity with other human tissues, preservation of epitope recognition and 
an antibody with a close to germline immunoglobulin sequence. 

128. The method of claim 125 wherein the preferred selective mutagenesis 
positions are selected from the group consisting of H30, H31, H31B, H32, H33, H52, 
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H56, H58, L30, L31, L32, L50, L91, L92, L93 and L94, and wherein the other property 
or characteristic is selected from the group consisting of preservation of non- 
crossreactivity with other proteins, preservation of non-crossreactivity with other human 
tissues, preservation of epitope recognition and an antibody with a close to germline 
immunoglobulin sequence. 

129. The method of claim 125, wherein the contact positions are selected from 
the group consisting of L50 and L94, and wherein the other property or characteristic is 
selected from the group consisting of preservation of non-crossreactivity with other 
proteins, preservation of non-crossreactivity with other human tissues, preservation of 
epitope recognition and an antibody vAth a close to germline immunoglobulin sequence. 

130. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting a amino acid residue within a complementarity determining region 
(CDR) for mutation at a position other than H30, H31, H31B, H32, H33, H35, H50, 
H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, 
L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other property or characteristic; 

until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
to the parent antibody, or antigen-binding portion thereof, is obtained. 

131. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 



b) selecting a amino acid residue within a complementarity determining region 
(CDR) for mutation at a position other than H30, H31, H3 IB, H32, H33, H35, H50, 
H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, 
L50, L52, L53, L55, L91, L92, L93, L94 and L96; 
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c) individuEilly mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
5 portions thereof, relative to the parent antibody or antigen-binding portion thereof, 

thereby identifying an activity enhancing amino acid residue; 

e) repeating steps b) through d) for at least one other position within the CDR 
which is neither the position selected under b) nor a position at H30, H31, H31B, H32, 
H33, H35, H50, H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, 

10 L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

f) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity, 
to form combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity of the combination antibodies, or antigen-binding 

1 5 portions thereof with two activity enhancing amino acid residues, relative to the parent 
antibody or antigen-binding portion thereof until an antibody, or antigen-binding portion 
thereof, with an improved activity, relative to the parent antibody, or antigen-binding 
portion thereof, is obtained. 

20 132. A method for improving the activity of an antibody, or antigen-binding 

portion thereof, comprising: 

a) providing a recombinant parent antibody or antigen-binding portion thereof; 

that was obtained by selection in a phage-display system but whose activity cannot be 

further improved by mutagenesis in said phage-display system; 
25 b) selecting a selecting an amino acid residue within a complementarity 

determining region (CDR) for mutation at a position other than H30, H31, H31B, H32, 

H33, H35, H50, H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, 

L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, L94 and; 

c) individually mutating said selected contact or hypermutation position to at 
30 least two other amino acid residues to thereby create a panel of mutated antibodies, or 

antigen-binding portions thereof, and expressing said panel in a non-phage display 
system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 

35 thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other property or characteristic, until an antibody, or antigen-binding portion 
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thereof, with an improved activity, relative to the parent antibody, or antigen-binding 
portion thereof, is obtained. 

1 33. A method for improving the activity of an antibody, or antigen-binding 
5 portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof that was 
obtained by selection in a phage-display system but whose activity cannot be further 
improved by mutagenesis in said phage-display system; 

b) selecting an amino acid residue within a complementarity determining region 
10 (CDR) for mutation at a position other than H30, H31, H31B, H32, H33, H35, H50, 

H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, 
L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 

15 thereof and expression in a non-phage display system; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
portions thereof, relative to the parent antibody or antigen-binding portion thereof 
thereby identifying an activity enhancing amino acid residue; 

e) repeating steps b) through d) for at least one other position within the CDR 
20 which is neither the position selected under b) nor a position at H30, H3 1 , H3 IB, H32, 

H33, H35, H50, H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, 
L31, L32, L34, L50, L52, L53, L55, L91, L92, L93, L94 ; 

f) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity, 

25 to form combination antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity and other property or characteristics of the combination 
antibodies, or antigen-binding portions thereof, with two activity enhancing amino acid 
residues, relative to the parent antibody or antigen-binding portion thereof; 

until an antibody, or antigen-binding portion thereof, with an improved activity, relative 
30 to the parent antibody, or antigen-binding portion thereof, is obtained. 

134. A method for improving the activity of an antibody, or antigen-binding 
portion thereof, without affecting other properties, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 
35 b) selecting an amino acid residue within a complementarity determining region 

(CDR) for mutation at a position other than H30, H31, H31B, H32, H33, H35, H50, 
H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, 
L50, L52, L53, L55, L91, L92, L93, L94 and L96; 
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c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
5 portions thereof, relative to the parent antibody or antigen-binding portion thereof 

thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 
thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
at least one other property or characteristic, wherein the property or characteristic needs 

10 to be retained, until an antibody, or antigen-binding portion thereof, with an improved 
activity and retained property, or characteristic relative to the parent antibody, or 
antigen-binding portion thereof, is obtained. 

135. A method for improving the activity of an antibody, or antigen-binding 
1 5 portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof; 

b) selecting an amino acid residue within a complementarity determining region 
(CDR) for mutation at a position other than H30, H31, H31B, H32, H33, H35, H50, 
H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, 

20 L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof; 

d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 
25 portions thereof, relative to the parent antibody or antigen-binding portion thereof, 

thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies or antigen-binding portions thereof, 
relative to the parent antibody or antigen-portion thereof, for changes in at least one 
other property or characteristic; 

30 f) repeating steps b) through e) for at least one other CDR position which is 

neither the position selected under b) nor a position at H30, H31, H31B, H32, H33, H35, 
H50, H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, 
L34, L50, L52, L53, L55, L91, L92, L93, L94 and L96; 

g) combining, in the parent antibody, or antigen-binding portion thereof, at least 

35 two individual activity enhancing amino acid residues shown to have improved activity 
but not affecting at least one other property or characteristic, to form combination 
antibodies, or antigen-binding portions thereof with at least one retained property or 
characteristic; and 
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h) evaluating the activity and the retention of at least one property of 
characteristic of the combination antibodies, or antigen-binding portions thereof with 
two activity enhancing amino acid residues, relative to the parent antibody or antigen- 
binding portion thereof imtil an antibody, or antigen-binding portion thereof, with an 
5 improved activity and at least one retained property or characteristic, relative to the 
parent antibody, or antigen-binding portion thereof, is obtained. 



136. A method to improve the affinity of an antibody or antigen-binding 
portion thereof, comprising: 

10 a) providing a parent antibody or antigen-binding portion thereof that was 

obtained by selection in a phage-display system but whose activity cannot be further 
improved by mutagenesis in said phage-display system; 

b) selecting an amino acid residue within a complementarity determining region 
(CDR) for mutation other than H30, H31, H31B, H32, H33, H35, H50, H52, H52A, 

15 H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, 
L55, L91, L92, L93, L94 and L96; 

c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof and expression in a non-phage display system; 

20 d) evaluating the activity of the panel of mutated antibodies, or antigen-binding 

portions thereof, relative to the parent antibody or antigen-binding portion thereof 

thereby identifying an activity enhancing amino acid residue; 

e) evaluating the panel of mutated antibodies, or antigen-binding portions 

thereof, relative to the parent antibody or antigen-binding portion thereof, for changes in 
25 at least one other property or characteristic until an antibody, or antigen-binding portion 

thereof, with an improved activity, relative to the parent antibody, or antigen-binding 

portion thereof, is obtained. 

137. A method for improving the activity of an antibody, or antigen-binding 
30 portion thereof, comprising: 

a) providing a parent antibody or antigen-binding portion thereof that was 
obtained by selection in a phage-display system but whose activity cannot be further 
improved by mutagenesis in said phage-display system; 

b) selecting an amino acid residue within a complementarity determining region 
35 (CDR) for mutation other than H30, H31, H31B, H32, H33, H35, H50, H52, H52A, 

H53, H54, H56, H58, H95, H96, H97, H98, HlOl, L30, L31, L32, L34, L50, L52, L53, 
L55, L91, L92, L93, L94 and L96; 
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c) individually mutating said selected position to at least two other amino acid 
residues to thereby create a panel of mutated antibodies, or antigen-binding portions 
thereof and expression in a non-phage display system; 

d) evaluating the activity and retention of at least one other property or 
characteristic of the panel of mutated antibodies, or antigen-binding portions thereof, 
relative to the parent antibody or antigen-binding portion thereof, thereby identifying ai 
activity enhancing amino acid residue; 

e) repeating steps b) through d) for at least one other CDR position which is 
neither the position selected under b) nor a position at H30, H3 1 , H3 IB, H32, H33, 
H35, H50, H52, H52A, H53, H54, H56, H58, H95, H96, H97, H98, HI 01, L30, L3'l, 
L32, L34, L50, L52, L53, L55, L9 1 , L92, L93, L94 and L96; 

f) combining, in the parent antibody, or antigen-binding portion thereof, at least 
two individual activity enhancing amino acid residues shown to have improved activity 
and not to affect at least one other property or characteristic, to form combination 
antibodies, or antigen-binding portions thereof; and 

g) evaluating the activity and retention of at least one other property or 
characteristic of the combination antibodies, or antigen-binding portions thereof with 
two activity enhancing amino acid residues, relative to the parent antibody or antigen- 
binding portion thereof until an antibody, or antigen-binding portion thereof, with an 
improved activity and at least one other retained property or characteristic, relative to 
the parent antibody, or antigen-binding portion thereof, is obtained. 

1 38. The method of claim 130, wherein the other property or characteristic is 
selected from the group consisting of preservation of non-crossreactivity with other 
proteins, preservation of non-cross reactivity with other human tissues, preservation of 
epitope recognition and an antibody with a close to germline immunoglobulin sequence. 

139. A method for detecting human IL- 1 2 comprising contacting human IL- 1 2 
with the antibody, or antigen-binding portion thereof, of claim 1 such that human IL-12 
is detected. 

1 40. The method of claim 1 3 9, wherein human IL- 1 2 is detected in vitro. 



141 . The method of claim 1 39, wherein human IL-12 is detected in a 
biological sample for diagnostic purposes. 



